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iistimation  of  tne  Density  of  a Latent  image  using  a 
rtolographic  Metnod 
Dy 

M.G. Girina,  V. 1 . Mandrosov,  and  G.A.SoDolev 

Among  the  various  methods  of  .investigating  latent 
images  a great  deal  of  interest  has  been  in  the  holo- 
graphic method  of  visulaizaticn,  wnich  allows  one  to 
investigate  the  dynamics  of  the  growth  of  the  latent 
image,  as  in  . The  difficulty  of  direct  photographic 
ODservation  of  the  rowth  of  the  latent  image  is  connect- 
ed witn  the  proolem  of  recording  small  densities.  The 
pnotographic  m-  tnods  suggested  in  allow  one  to 

record  optical  densities  on  the  order  of  10“^— 10"‘. 

However,  it  miust  be  ooserved  that  the  photographic 
methods  are  based  on  the  m.easurernent  of  two  relatively 
large  i,in  magnitude)  light  signals,  and  on  tne  deter- 
mination of  tne  difference  between  them.,  by  the  balance 
method.  It  is  clear  that  even  insignificant  diffusion 
of  light  can  leau  to  large  er/-ors  in  similar  measure- 
ments. in  addition,  there  are  also  severe  requirements 
on  the  uniformity  of  tne  specimen,  the  stability  of  the 
light  flux,  and  so  forth. 

Also,  tne  nhotographic  method  allows  on  to  measure 
only  the  constant  density  of  tne  photgrapnic  image,  and 
can  not  be  used  for  recording  small  densities,  contain- 
ing lar^^e  spatial  frequencies,  wnic  i are  mo.'e  interesting 
from  tne  point  ol’  view  of  holographic  applications. 

In  order  to  observe  the  continuous  growth  of  the 
latent  image  in  one  sample  of  photomate: ial , usinr  these 
m thods,  d-  finite  technical  proolems  must  be  overcome. 
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In  the  present  work  we  examine  a metnod  of  holographic 
measurement  of  the  growth  of  tne  latent  image,  suggested 
in  [^1^.  This  metnod  is  distinguisned  from  tne  photgraphic 
method  by  virtue  of  the  properties  of  the  hologram, 
which  allow  one  to  obtain  the  difference  signal,  so  long 
as  the  radi  itional  d’ viation  nroduced  by  the  holo  ram 
arises  due  to  insigni fican t modulation  of  the  ontical 
densi ty . 

Measurements  are  conducted  using  the  usual  holo- 
graphic scheme,  with  a split  beam  ( :'ig.  1 ) . Plane  wave 
fro  ts  from  a helium-neon  laser  are  sp '•  i t with  an  ontical 
wedge  into  two  planar  bea.ms.  The  interference  nattern 
of  the  two  planar  oeams  is  recorded  ni  annotogranhic 
plate  with  an  imnroved  Lippman  em.ulsion,  of  type  PS-1. 

As  a result  of  the  interaction  of  the  light  with  the 
m.icrocrystals  of  silver  halide  latent  image  centers 
are  formed,  and  a hologram  is  nroduced  with  an  everywhere 
small  optical  density. 

The  neriod  of  the  transmission  function  of  the 
hologram  is  equal  to  the  period  of  the  i n te I'ference 
pattern  between  the  refeerence  and  object  beams.  Each 
of  these  beams  preference  and  object)  has  undergone 
diffraction  in  forming  the  hologram,  -.nd  the  same  is 
true  of  the  concons true  ted  beam. 

As  a result  of  the  diffraction  several  diffraction 
orders  are  formed,  wheih  can  be  registered  by  highly 
sensitive  pho torecei vers  equipped  wi th  a photomultiplier 
and  catnode  follower  with  a sensitive  and  lov\-inertia 
galvanometer.  »VeaK  diffraction  orders  can  also  be  ob- 
served visually  in  a microscope. 
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The  results  oi'  our  measurements  are  presented  in 
fig. 2 in  coordinates  of  time  of  exposure,  in  seconds, 
versus  diffraction  effectiveness.  The  exnerimen tal  curve 
shows  that  tne  growth  of  t’ne  diffraction  effectiveness 
is  proportional  to  the  time  of  exposure  in  a satisfact- 
orily wide  range  of  exposure  times,  ^rom  several  seconds 
to  one  hour  t'wnere  the  power  of  tne  radiation  from  the 
helium-neon  laser  impinging  on  the  ohotoreceiver  is  of 
the  order  i(r‘  watt).  Under  tnese  conditions  the  maximum 
senstivity  of  the  pno to recei ver , witn  tne  pnotomultip- 
lier,  is  aoout  lo  watt. 


.Ve  nass  now  lo  a theoretical  in ves tigati:'n  of  the 
connection  between  diffraction  effectiveness  and  the 
optical  density  of  tne  darkened  areas. 

In  as  much  as  the  intensity  of  the  interference 
pattern  recorded  on  film  is  pepiodic,  the  amplitude  of 
tne  transmission  fu  iction,  which  arises  as  a result 
of  the  diffractirn  grating,  can  be  expanded  in  a Fourier 
series : 

T.  = Tn  + T|  COS  2.TVJ-  4 Tj  COS  'l.T  VJ  + . . . , 
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where 


2ji  f 

T,  = 1 To  fos  2nv.r  dx, 

Sf  J 
2ji  r 

T;  = — ; — I To  COS  ^iJlXX  dx, 
•i’r  •' 


sin  0 


is  t,ne  spatial  frequency,  2b  is  the  angle  of 


convergence  of  the  reference  and  object  beams. 


As  a result  of  rv’construc tion  ther-  arises  the 
following  amplitude  dis tri ou tion ; 

E.  = j„Ey  = [ T„  + Ti  cos  2nvT  + T;  cos  4nvi]£,., 

where  Ep  = E„c-'’"’]  is  tne  composite  r-  construe  ted 

signal. 


In  this  manner,  the  hologram  will  r'orm  a series  of 
pi  me  waves  witn  amplitudes: 

tA,,;  Eo~'  = TtEo',  ho*'  ~ X2E0 

and  so  fortn  t orders  corresponding  to  tne  reference  beam), 

li  ~ x,,h,'.  Ah'*  ~ Txhyi',  ho*  ^ t?A« 

and  so  forth  ^orders  corresponding  to  the  ooject  beam). 

In  certain  directiotis  certain  waves  partially  co- 
incide. r’or  example,  order  +1  waves  from  tne  reference 
oeam  are  formed  in  tne  direction  of  zero  order  waves 
from  tne  oD.iect  oeam,  -1  order  waves  from  tne  object 
beam  correspond  to  +1  order  waves  from  the  reference  beam, 
•V  ? order  wave.-  from,  tne  object  oeam  are  formed  in  tne 
direction  of  -1  order  waves  from  the  reference  oeams,  etc, 

T’-.e  raiiiative  power  corr-espond i .g  to  these  orders  is: 

/V  = AVto’.S1.  />/’ = AVt.IS’,  m /'„^=  = 

/’/  = E„^r„\S,.  />„*'  = II  />„*’  = AItAS',. 
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The  diffraction  effectiveness  is: 


In  trie  exoeriment  wnat  was  recorded,  in  fact,  was 
tne  total  fields:  eitner  K„*' + or  the  power 

of  the  second  orders  is  significantly  smaller  than  the 
power  of  the  first  orders,  so  that  in  practice  we  measure 
a value  equal  to  eitner  or 

Experimentally  we  ootained  the  following  approx- 
imate relationship  between  T and  the  exposure  time, 
useful  over  a wide  range  of  exposure  tit-es: 

n - - Tf. 


In  tnis  manner  t,  = Va/  , where  e depends  on  the  aver- 
age value  of  the  intensity  of  tne  interference  nattern. 
Tnus,  ignoring  tne  second  orders  of  diffraction,  we  get 

’■-1  = To(/)  + i at  cos  2nvj, 

wnere  a = 0.(1),  / = 2/o(l  t-A''  f 2A- cos  dawr), 

/ = 2/,(i -f  A-),  A- = 

Ea  is  tne  amnlitude  of  tne  object  beam,  and  the  amnlit- 
ude  of  tne  r'eference  oeain. 

To  im.Dlement  tne  experiment  we  took  k-1. 

fie  determine!  tne  furtner  increase  of  the  density 
of  tne  darxened  area  in  tne  formation  of  tne  latent  image. 

Defining  t„  Ki  i we  oetain 
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l)(x)  = 


--..-I"  To 


( 1 t- COS  2.1  vx  + cos  4.1  vx\  . 

\ To  To  / 


r.xpandLng  tne  auove  expression  in  terms  of  tne 
parameters  and  and  discarding  small  terms,  we  get:: 

D{x)  — l)^{x)  r [ — cos  2,ivx  + — - cos  4.ivx  1 , 

L To  T„  J 

where  Do  = — 21i'To  the  average  optical  density,  whicn,in 
practice,  is  close  to  tne  original  optical  density. 
Ignoring  tne  sec  ndary  orders  of  diffraction  we  outain 
tne  increase  in  the  density  of  tne  darkened  area: 

\n  o ■)  •> 

.\IJ  — — COS  cos  J.iv.r  — cos  J.tvx. 

To  To  To 


krom  tne  preceding  relation  it  follows  tnat  the 
amplitude  of  tne  measured  density  of  tne  darkened  areas 
is  proportional  to  tne  square  root  of  tne  diffraction 
effectiveness,  me  simplicity  of  this  result  acilitates 
using  tnis  metnod  in  tne  investigation  of  small  densities. 

The  minima]  diffraction  effectiveness  wnich  we 
measured  was: 

Then,  talcing  —I  we  ootain: 

\l)  V in  ‘C()s2.ivx. 


f’rom  this  it  is  clear'  tnat  the  minimally  registered 
amplitude,  ootained  in  our  experiment,  is  of  tne  order. I- lo 
wnicn  coincides  witn  tne  result  obtained  Dy  tne  photo- 
graphic m'^tnod  1^2,^. 

In  tins  manner  ootn  our  experiment  and  tne  theor- 
etical analysis  snow  tnat  tne  holograpnic  method  allows 
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one,  ill  a simple  and  accurate  manner,  to  measure,  in 
real  time,  insignificant  darkening  densities,  dictated 
Dv  tne  formation  of  tne  nolographic  image. 

I . jM  . U1 ' anov  Government  Sucmitted 
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